This study aimed to determine whether frozen blastocyst transfer can lower the incidence rate of ectopic pregnancy. A total of 1577 in vitro fertilization/ intra-cytoplasmic cycles were analyzed, including 757 fresh D3-ET cycles, 429 frozen D3-ET cycles, and 391 frozen D5-ET cycles. The differences of ages, the proportion of IVF cycles, the proportion of primary infertility, and the proportion of tubal factor between three groups were not significant. The clinical pregnancy rate in Frozen D5-ET Group was 62.15%, which was significantly higher than other two groups (46.10%; 38.93%; P < 0.05). The miscarriage rates of three groups were similar. The ectopic pregnancy rate in Frozen D5-ET Group was 0.41%, which was significantly lower than that in Frozen D3-ET Group (2.99%, P < 0.05) and slightly lower than that in Fresh D3-ET Group (2.29%, P = 0.089). Results from this study show that the transfer of frozen D5 blastocysts can significantly decrease the incidence rate of ectopic pregnancy.
Introduction
Ectopic pregnancy occurs when an embryo implants outside of the uterine cavity, and can be fatal if rupture or bleeding presents. In in vitro fertilization and embryo transfer (IVF-ET), the Day 3 or Day 5 embryo is transplanted directly into the uterine cavity using a tube, which should theoretically prevent ectopic pregnancy, but in fact increases its occurrence. Ectopic pregnancy is one of the main complications of IVF-ET, with an occurrence rate of 2% -5%, compared with 1% in natural pregnancies [1] [2] .
Studies have shown that the transplanted embryo does not immediately implant in the uterine cavity [3] . Instead, it first swims to the oviducts before returning to the uterine cavity. If this process is affected, ectopic pregnancy may result. Controlled ovarian hyperstimulation (COH) is used during IVF-ET; this technique causes an imbalance in estrogen and progesterone during embryo implantation, affecting endometrial receptivity and oviduct peristalsis, and possibly accounting for the increase in ectopic pregnancy [4] [5] . Frozen blastocyst transfer, however, is performed several months after superovulation, thus avoiding the effects of COH on the endometrium and oviducts, and possibly lowering the occurrence rate of ectopic pregnancy [4] .
Many studies have investigated the relationship between frozen blastocyst transfer and ectopic pregnancy, but a consensus has yet to be reached. Huang et al. conducted a retrospective study of clinical outcomes in over 30,000 IVF cycles, and reported that frozen blastocyst transfer can significantly decrease the risk of ectopic pregnancy; however, a separate study conducted in Belgium over the course of a decade reported no significant differences in ectopic pregnancy risk between IVF-ET and frozen blastocyst transfer. Other studies analyzed data from single or small numbers of reproductive medical centers, and did not arrive at a consensus. This paper is a retrospective analysis of clinical data on fresh and frozen blastocyst transfer cycles collected in our clinic between September 2015 and March 2017, to determine whether frozen blastocyst transfer can lower the incidence rate of ectopic pregnancy. Agonadotropin releasing hormone agonist (GnRH-a) long protocol oran antagonist protocol were used for COH. When ≥2 dominant follicles measured at least 18 mm in diameter, or ≥4 dominant follicles measured at least 16mm in diameter, 6000 -10,000 U of human chorionic gonadotropin (hCG) was injected, and eggs were removed 36 h after injection. Fertilization was performed through normal IVF or intracytoplasmic sperm injection (ICSI), and fresh blas-Open Journal of Obstetrics and Gynecology tocyst transfer was performed after 72h. The embryos were frozen-thawed by vitrification.
Materials and Methods

This
Before frozen blastocyst transfer, the endometrium was prepared using hormone replacement therapy. Ultrasound examination was performed 2 -5 days following onset of menstruation, and a 2-mg twice daily oral dose of estradiol valerate was started (Progynova, Schering AG, Germany); the dose was increased to 3 mg twice daily on day 5, and continued for 5 days. Another B scan was performed 10 days after drug administration; when the endometrium reached 8 mm or more, 40 mg/d injections of progesterone were initiated. D5 blastocysts were transferred 6 days after initial progesterone treatment.
At 12 -14 days following embryo transfer, patients with a positive urine test were designated as biochemical pregnancy. Blood hCG levels were measured, and ultrasound performed 3 weeks later was used as a marker of clinical pregnancy. If the B scan reflected a failure to implant in the uterine cavity, patients were designated as having ectopic pregnancies. Miscarriages were defined as losses prior to 28 weeks. SPSS13.0 software was used to perform statistical analysis. Data were represented as mean ± standard deviation. Comparison between the two groups was analyzed with ONE WAY ANOVA. Enumeration data were analyzed with chi-square test, with P < 0.05 representing statistical significance.
Results
A total of 1577 IVF/ICSI cycles were analyzed, including 757 fresh D3-ET cycles, 429 frozen D3-ET cycles, and 391 frozen D5-ET cycles. From Table 1 , we found that the differences of ages, the proportion of IVF cycles, the proportion of primary infertility, and the proportion of tubal factor between three groups were not significant. The number of transferred embryos in Frozen D3-ET Group was 2.07 ± 0.44, which was significantly more than that in other two groups (1.98 ± 0.3; 1.65 ± 0.48; P < 0.05). The differences of clinical pregnancy rate in three groups were significant.
The clinical pregnancy rate in Frozen D5-ET Group was 62.15%, which was significantly higher than other two groups (46.10%; 38.93%; P < 0.05). The miscarriage rates of three groups were similar.
The ectopic pregnancy rate in Frozen D5-ET Group was 0.41%, which was significantly lower than that in Frozen D3-ET Group (2.99%, P < 0.05) and slightly lower than that in Fresh D3-ET Group (2.29%, P = 0.089).
Discussion
Ectopic pregnancy is one of the most serious complications in assisted reproductive technology, and reducing its occurrence is a major objective in reproductive medicine. The results presented in this study suggest that with D3 embryos, the incidence rate of ectopic pregnancy remains similar regardless of whether fresh or frozen blastocyst transfer is used. A subgroup analysis on frozen embryo transfer cycles, however, showed that the incidence rate of ectopic pregnancy with D5 embryos is significantly lower than that with D3 embryos (P < 0.05).
The cause of ectopic pregnancy during IVF/ICSI remains unclear, but previous literature suggests a number of major possibilities:
1) Occurrence may be linked to controlled ovarian hyperstimulation. Under normal conditions, progesterone decreases uterine contraction during the luteal phase. In COH, however, estradiol (E 2 ) levels are abnormally high, resulting in a hormonal imbalance (high estrogen and low progesterone), affecting both oviduct peristalsis and embryo motility, and causing ectopic pregnancy [6] [7].
Wang et al. analyzed incidence rates of ectopic pregnancy in polycystic ovary syndrome patients receiving IVF treatment, and reported that when E 2 levels exceed 4085 pg/mL, ectopic pregnancy occurs at a rate of 3.4%; when E 2 ≤ 4085 pg/mL, the rate of ectopic pregnancy decreases significantly to 2.0%. In addition, abnormal increases in E 2 levels cause abnormal uterine activities and contractions, which are also important contributing factors for the occurrence of ectopic shorter period of motility than D3 embryos do. This decreases the effects of oviduct abnormalities on freely swimming blastocysts, and therefore the risk of ectopic pregnancy [13] . This is consistent with our findings, which reflect a lower incidence rate of ectopic pregnancy in frozen blastocyst transfer cycles with D5 blastocysts.
3) Some studies have suggested racial factors in ectopic pregnancy, as well as factors related to COH procedures, IVF techniques and other methodology, including the location of transplant tube tip, injection volume, etc. These have been shown to be strongly correlated with the occurrence of ectopic pregnancy following IVF, but there is no consensus regarding this matter.
Ectopic pregnancy is a common complication of IVF-ET, which both decreases the rate of live births and subjects the patient to the associated danger of rupture and bleeding or adverse effects from conservative treatment. As a result, investigating methods to decrease the incidence rate is of critical importance.
Results from our study suggest that the incidence rate of ectopic pregnancy with D5 embryos is significantly lower than that with D3 embryos. The frozen blastocyst transfer cycles included in this study are hormone replacement therapy cycles, and take into account the effects of endometrial factors and hormonal levels. These results may be attributed to a shorter pre-implantation period in the transfer of D5 blastocysts compared with that of D3 blastocysts, which lowers the effects of oviduct abnormalities to the free-swimming embryo, and therefore the risk of ectopic pregnancy. However, our sample size was limited, and our results will need to be supported by further proof from large-scale randomized controlled trials.
Conclusion
Results from this study show that the transfer of frozen D5 blastocysts can significantly decrease the incidence rate of ectopic pregnancy. This provides clinicians with a basis for reference. Prioritizing D5 blastocysts may lower the incidence rate of ectopic pregnancy and increase the live birth rate.
